We reviewed 27 diabetic patients who sustained a tibial fracture treated with a reamed intramedullary nail and compared them with a control group who did not have diabetes. There were 23 closed fractures and four were open. Union was delayed until after six months in 12 of the 23 (52%) diabetic patients with closed fractures and ten of the 23 (43%) control patients (p = 0.768). In two patients with diabetes (9%), closed tibial fractures failed to unite and required exchange nailing, whereas all closed fractures in the control group healed without further surgery (p = 0.489). In both the diabetic and control groups with closed fractures two patients (9%) developed superficial infections. There were two (9%) deep infections in diabetic patients with closed fractures, but none in the control group (p = 0.489).
We reviewed 27 diabetic patients who sustained a tibial fracture treated with a reamed intramedullary nail and compared them with a control group who did not have diabetes. There were 23 closed fractures and four were open. Union was delayed until after six months in 12 of the 23 (52%) diabetic patients with closed fractures and ten of the 23 (43%) control patients (p = 0.768). In two patients with diabetes (9%), closed tibial fractures failed to unite and required exchange nailing, whereas all closed fractures in the control group healed without further surgery (p = 0.489). In both the diabetic and control groups with closed fractures two patients (9%) developed superficial infections. There were two (9%) deep infections in diabetic patients with closed fractures, but none in the control group (p = 0.489).
Overall, there was no significant difference in the rate of complications between the diabetic patients and the control group, but there was a tendency for more severe infections in patients with diabetes.
It has been estimated that in 2000, worldwide, there were 171 million people with diabetes, and this is projected to increase to 366 million by 2030. 1 In the United Kingdom the prevalence of diabetes in 2007 was 3.66%. Factors that have contributed to the increase in prevalence of diabetes include obesity and reduced physical activity. 2 Glucose-induced microvascular and macrovascular disease results in damage to end organs, the sequelae of which include retinopathy, arteriopathy and poor wound healing. 3, 4 Peripheral neuropathy increases the risk of ulceration of the foot and of Charcot joints. 5, 6 Previous studies have shown an increase in complications in diabetic patients undergoing orthopaedic procedures (Table I) , [7] [8] [9] [10] [11] [12] [13] [14] but there is limited information in relation to the outcome following the operative treatment of diaphyseal fractures of the tibia. This study evaluated the outcome of fractures of the tibia treated with reamed intramedullary nails in diabetic patients.
Patients and Methods
We identified 31 patients with diabetes who had sustained a unilateral diaphyseal fracture of the tibia and were treated with a reamed intramedullary nail at our institution between 1996 and 2006. Four were lost to follow-up less than one month after injury and were excluded from the study. The complications, including deep and superficial infection and compartment syndrome, and the time to union were recorded in the remaining 27 fractures, of which four were open and 23 were closed. The mean follow-up was for 13 months (3 to 40).
In closed fractures, a single prophylactic intravenous dose of 1.5 g cefuroxime was administered pre-operatively. Patients with open fractures were started on intravenous antibiotics at the time of admission, prior to wound debridement and stabilisation of the fracture treatment continued until soft-tissue coverage of the wound was achieved.
Continuous monitoring of the pressure of the anterior compartment of the lower leg was carried out using a slit catheter in all patients on the day of admission. 15 Their blood pressure was also measured, and the difference between the diastolic blood pressure and compartment pressure ( ∆ pressure) was calculated at selected intervals. A ∆ pressure below 30 mmHg was considered to be an indication for fasciotomy. 16 A fracture was judged to be united when there was radiological evidence of bridging of three of four cortices on standard anteroposterior and lateral views, as assessed by the senior author (JFK). Fractures that required further surgery to achieve healing were designated nonunions.
Information relating to peripheral neuropathy and the vascular status of the lower legs was obtained from the medical records. Only two patients were recorded as having diabetic comorbidity, which comprised a peripheral neuropathy and retinopathy in one patient and occlusive arterial disease with absent dorsalis pedis and posterior tibial pulses in another.
A total of 14 patients with closed fractures had noninsulin dependent diabetes, and the remaining nine were insulin dependent. All four patients with open fractures had insulin-dependent diabetes. On admission, the mean white cell count was 10.2 × 10 9 /1 (5.8 to 24) and the mean neutrophil count was 7.6 × 10 9 /1 (3.11 to 22.03). In 20 patients the fracture was caused by a low-energy fall, and in five by high-energy trauma secondary to a motor vehicle accident (MVA). In a further two patients the fractures were sustained while playing rugby and during an assault, respectively. Of the four open fractures two were classified as grade 1, one as grade 3a, and one as grade 3b, according to the revised Gustilo and Anderson classification. 17, 18 Infection was considered to be superficial in the presence of cellulitis without evidence of wound drainage or a subcutaneous collection of infected material, and deep when discharge of purulent material from bone required removal of the intramedullary nail or bony debridement.
A control group of 27 non-diabetic patients who had sustained fractures of the tibia during the study period and who were treated by intramedullary fixation were individually matched for age, gender and fracture type (Table II) . In the control group, the four open fractures comprised two grade 1, one grade 3a and one grade 3b. Statistical analysis. Fisher's exact test was used to compare rates of infection and of fasciotomy, and the time to union between open and closed fractures. Student's t -test was used for age comparisons between the groups.
Results
Healing of the fractures. The times to union for closed and open fractures are shown in Table III . In the closed injuries healing was delayed until after six months in 12 of 23 (52%) diabetic patients, compared with ten of 23 (43%) (Table V) , two superficial and two deep. One of the two with persistent deep infection was treated with exchange nailing, and the other had the nail removed after the fracture had united. Infection occurred in two of the four diabetic patients with open fractures, both of which were deep. One of these patients had a below-knee amputation four months after intramedullary nailing. Deep infection developed, which was followed by distal migration of the intramedullary nail, resulting in septic arthritis of the ankle.
In the control group of 23 closed fractures there were two (9%) superficial but no deep infections. There was no significant difference in the rate of deep infection between diabetic and control patients with closed fractures (p = 0.489). Superficial wound infections occurred in three of four open fractures in the control group, all of which were treated successfully with antibiotics. There were no deep infections in this group. There was no significant difference in the infection rate between diabetic and control patients with open fractures (p = 1.000). Fasciotomies. Fasciotomies for impending compartment syndrome in closed fractures were carried out in five of 23 (22%) patients with diabetes and in four of the 23 (17%) in the control group (Table V) Complications. Considering the combined rates of infection, fasciotomy and surgical intervention to achieve union in closed fractures, 11 complications occurred in nine diabetic patients (39%) and six in five patients (21%) in the control group (p = 0.337).
In patients with closed fractures there was no significant difference in the rate of infection, union delayed for more than six months, or fasciotomy between insulin-dependent and non-insulin dependent diabetic patients. The only complication in the two patients with diabetic comorbidity was a fasciotomy for a compartment syndrome which was carried out in a patient with absent peripheral pulses.
Discussion
Diabetic patients had higher rates of deep infection, delayed union and nonunion, but because of the limited number of patients in this study these differences did not reach statistical significance.
The rates of fasciotomy for the diabetic patients and controls were similar, at 22% and 17% respectively, but were higher than described in previous studies. [19] [20] [21] In contrast to the control patients, in whom all fractures united without further surgery, nonunion occurred in two diabetic patients with closed fractures and one with an open fracture. However, one of the closed fractures that developed nonunion was complicated by deep infection after the primary nailing, which may have been a contributing factor. When considering all infections in closed and open fractures, there was no notable difference in the rate of infection between diabetic and control patients. However, in the control group infections in the open and closed fractures were superficial and were treated successfully with antibiotics alone, whereas in the diabetic patients half of the infections in closed fractures were deep, and in the open fractures all were deep. All deep infections required further surgery, comprising either removal or exchange of the nail.
The size of the sample comprising 27 patients is relatively small, which is a weakness of this study. However, the prevalence of diabetes in the United Kingdom is 3.66%, and assuming that diabetic patients have the same risk of fracture of the tibia as the general population, one would expect 27 diabetic patients per 737 patients with such fractures. Based on the rates of infection observed in this study, the sample size required to detect a difference in rates of infection between control and diabetic patients would be 255 for a level of significance set at 0.05 and a power of 0.8. Based on a 3.66% population prevalence of diabetes, more than 6900 tibial fractures would be required to obtain this number of eligible patients.
In diabetic patients the combination of vascular compromise and peripheral neuropathy increases the risk of complications. In addition, at the cellular level, diabetic patients are prone to deficiencies in the production of growth factor, angiogenic response and macrophage function, which result in impairment of wound healing and an increased risk of skin ulceration. 22, 23 Although information relating to the outcome following surgical stabilisation of fractures of the shaft of the tibia in diabetic patients is limited, several studies have described increased rates of complication in diabetic patients undergoing fixation of ankle fractures. 8, 9, [11] [12] [13] Such studies have shown increased rates of infection, malunion, loss of fixation and an increased need for additional surgery. 9, 12, 13 Diabetic comorbidity, such as peripheral neuropathy and microvascular disease, and the diabetes itself, may be the cause of the increased risk of complications. 8 Jones et al 8 compared the outcome of ankle fractures in diabetic patients treated with surgical fixation with a control group and found that overall there was no difference in the rate of complications, but there was an increase in complications in the subgroup of patients with diabetes-related comorbidity. In our study only two patients had diabetic comorbidity, and so it was not possible to establish whether the presence of peripheral neuropathy or vascular insufficiency was related to any of the outcome measures.
Following trauma to the lower limb it is important to establish whether there is evidence of peripheral neuropathy or vascular compromise. Vascularity can be assessed clinically by examining for pedal pulses and checking the capillary refill. Objective methods of assessment include the ankle brachial pressure index, 24 which has a normal range from 0.9 to 1.3, although this may be falsely high in diabetic patients owing to calcification of the walls of the arteries. 25 In such cases toe pressures can be measured using Doppler ultrasound or photoplethysmography, and the toebrachial index pressure calculated. The toe-brachial pressure index has been shown to be more accurate than the ankle brachial pressure index for assessment of lower limb blood supply in the presence of arterial calcification. 24 Peripheral neuropathy results in impairment of motor, sensory and autonomic function which can lead to muscle atrophy and loss of protective sensation. Autonomic sympathetic dysfunction results in vasodilation in the skin, with reduced sweating producing increased warmth and dryness of the skin that increases the risk of breakdown. Clinical assessment of light touch, pinprick and vibration sensation can provide useful information about the extent of somatosensory impairment. Recognised techniques for assessment of peripheral neuropathy include the use of a 10 g Semmes-Weinstein monofilament which is pressed against the plantar skin to assess pressure perception. 26 Alternatively, a pressure-specific sensory device can be used to assess somatosensory function. 27 We have shown a trend towards an increase in complications in diabetic patients after intramedullary nailing of tibial fractures. Although there was no significant difference in the infection rate between diabetic and control patients, there was a tendency for the diabetics to suffer with more severe infections which required further surgery. Thorough pre-and post-operative clinical assessment of the lower limbs is required to establish whether there is evidence of peripheral neuropathy or vascular compromise, 
